We investigated the internal phylogeny of Laniatores, the most diverse suborder of Opiliones, using sequence data from 10 molecular loci: 12S rRNA, 16S rRNA, 18S rRNA, 28S rRNA, cytochrome c oxidase subunit I (COI), cytochrome b, elongation factor-1a, histones H3 and H4, and U2 snRNA. Exemplars of all previously described families of Laniatores were included, in addition to two families -Petrobunidae, fam. nov. and Tithaeidae, fam. nov. -that we erect herein. Data analyses were based on maximum likelihood and Bayesian approaches on static alignments, and included phylogenetic tree estimation, molecular dating, and biogeographic analysis of ancestral area reconstruction. The results obtained include the monophyly of Laniatores and the infraorder Grassatores -the focus of this study -as well as support for numerous interfamilial relationships. The two new families described cluster with other South-east Asian families (Podoctidae and Epedanidae). Diversification of Laniatores is estimated at~348 Mya, and origin of most Grassatores superfamilies occurs in a~25 million year span of time immediately after the end-Permian mass extinction (254 Mya). Ancestral range reconstruction of the clade (Samooidea + Zalmoxoidea) suggests that the ancestral range of Samooidea comprises West Tropical Gondwana (West Africa + Neotropics), whereas that of Zalmoxoidea is exclusively Neotropical. The following additional taxonomic changes are proposed: (1) Remyus is transferred to Phalangodidae, and (2) Escadabiidae and Kimulidae are transferred to Zalmoxoidea.
Introduction
Of the four suborders of Opiliones (Arachnida), the largely Tropical Laniatores harbours nearly two-thirds (over 4000 species) of described opilionid diversity (Kury 2006) . Commonly known as the 'armoured harvestmen', laniatorids typically bear spiny, raptorial pedipalps (the name is derived from the Latin 'laniator' or 'butcher') and comprise most of the order's striking exemplars of morphological, behavioural and ecological diversity (Fig. 1) . Sexual dimorphism is common in Laniatores, with males of myriad species bearing embellished colours, tumid appendages, phalanxes of scutal and appendicular spines, or combinations thereof. Ethological studies of Neotropical species have suggested that the ornate falciform weaponry of Laniatores may be linked to reproductive behaviour (Willemart et al. 2009; Zatz et al. 2011) , which is in turn quite diverse, with multiple origins of parental (and even paternal) care (Martens 1993; Hara et al. 2003; Machado et al. 2004; Hunter et al. 2007 ).
Currently, 27 families of Laniatores are recognised (Giribet et al. 2010) , divided between two tenuous infraorders, Insidiatores Loman, 1900 and Grassatores Kury, 2003 . The former is likely a paraphyletic entity, whereas the latter is an asymmetrically diverse clade that includes over half of all described Opiliones species (reviewed by Giribet and Kury 2007) . However, with a few exceptions, phylogenetic study of armoured harvestmen has been restricted to species groups or related genera, mostly from South America (e.g. Kury 1993; Pinto-da-Rocha 1997; Pinto-da-Rocha and Kury 2003a; Pérez González 2006; Thomas and Hedin 2008; DaSilva and Gnaspini 2009; Sharma and Giribet 2009; Yamaguti and Pinto-daRocha 2009; DaSilva and Pinto-da-Rocha 2010; Derkarabetian et al. 2010) . Previous efforts towards a molecular phylogeny of Opiliones have undersampled or omitted key lineages of Laniatores (Giribet et al. 1999 Shultz and Regier 2001) .
Propitiously, a recent assessment of Opiliones phylogeny (Giribet et al. 2010 ) based on five molecular loci included in its sampling 24 of the 26 families of Laniatores recognised theretofore (all except for Briggsidae (formerly Pentanychidae) and Guasiniidae) -a most promising prospect for the elucidation of laniatorid phylogeny. However, whereas other suborders, particularly Cyphophthalmi, had well resolved and supported internal phylogenies in that study, the internal resolution of Laniatores was beset with a large number of unsupported nodes and unstable clades, occluding interfamilial relationships (Fig. 2) . The systematic validity of Laniatores superfamilies (sensu Giribet and Kury 2007 ) remained especially ambiguous.
The instability within the Laniatores subtree may have been due in part to missing data. Whereas other groups, such as Cyphophthalmi, were represented by a data submatrix that was over 90% complete (by sequence length), Laniatores was represented by a submatrix that was less than 60% complete. Furthermore, low density of taxonomic sampling in Laniatores may have contributed to phylogenetic instability and low nodal support; some diverse lineages (e.g. Assamiidae and Epedanidae) were represented by few exemplars in the Giribet et al. (2010) phylogeny. Consequently, the internal phylogeny of Laniatores remains largely undefined.
To facilitate ongoing studies of Laniatores biology, we have reassessed the phylogeny of the armoured harvestmen, implementing three strategies to improve phylogenetic estimation. First, we added to available nuclear ribosomal sequence data (complete 18S rRNA and nearly complete 28S rRNA sequences). Second, we doubled the number of molecular loci sampled. Third, we added new lineages to the analysis altogether, particularly augmenting the sampling of Assamiidae, Biantidae and Epedanidae sensu lato. One of the new lineages included is formally described herein as a new family of Grassatores, and another previously described lineage is elevated to family status. Our taxon sampling encompasses for the first time all families of Laniatores described heretofore, including the enigmatic Guasiniidae and Briggsidae.
Materials and methods

Taxonomy
Examined specimens have been deposited in the following institutions: MHNG (Muséum d'histoire naturelle, Ville de Genève, Switzerland); and MCZ (Museum of Comparative Zoology, Harvard University, Cambridge, MA, USA).
The holotype and a female paratype of the new species were photographed in dorsal, ventral and lateral positions using a JVC KY-F70B digital camera mounted on a Leica MZ 12.5 stereomicroscope. A series of images (from 5 to 15) was taken at different focal planes and assembled with the dedicated software package Auto-Montage Pro Version 5.00.0271 (Syncroscopy, Frederick, MD, USA). Multiple specimens (for each species) were examined with a Zeiss EVO 50 scanning electron microscope (SEM). The genitalia of one to two male and female paratypes were also examined with the Zeiss EVO 50 SEM. Specimens previously used for DNA extraction are indicated as such among the type material. Methods concerning molecular sequence data obtained from these specimens are described below. Material used for comparison Giribet et al. (2010) . Nodes that are unsupported and/or conflicting across analyses have been collapsed. encompassed three morphospecies (not described at present) and specimens of Zalmoxida gibbera Suzuki, 1970 ; all of these were included in the molecular phylogeny.
All measurements are given in millimetres unless otherwise indicated. Nomenclature on cuticular ornamentation follows Murphree (1988) .
Species sampling
Specimens of Laniatores were collected by several individuals over multiple collecting trips, including by P. P. S. during collecting trips to New Caledonia (2007) , Fiji (2008) and Palau (2010) , and by G. G. during collecting trips to Indonesia (2006) . In addition, data collected in a previous study (Giribet et al. 2010) were accessed from GenBank and/or updated with new sequences. Collected specimens were preserved in 96% EtOH and stored at À80
C. The list of specimens, including voucher numbers, GenBank accession codes and collection details, is found in Appendix 1.
Molecular methods
Total DNA was extracted from the legs of animals using Qiagen's DNEasy tissue kit (Valencia, CA, USA). Purified genomic DNA was used as a template for PCR amplification. Molecular markers consisted of two nuclear ribosomal genes (18S rRNA and 28S rRNA), two mitochondrial ribosomal genes (12S rRNA and 16S rRNA), three nuclear protein-encoding genes (elongation factor-1a, histone H3 and histone H4), two mitochondrial protein-encoding genes (cytochrome c oxidase subunit I and cytochrome b) and one nuclear non-coding gene (U2 snRNA). Primer sequences and fragment lengths are indicated in Table 1 .
Polymerase chain reaction (PCR), visualisation by agarose gel electrophoresis and direct sequencing were conducted as described by Sharma and Giribet (2009) . Chromatograms obtained from the automatic sequencer were read and sequences assembled using the sequence editing software Sequencher (Gene Codes Corporation, Ann Arbor, MI, USA). Sequence data were edited in Se-Al ver. 2.0a11 (Rambaut 1996) .
Phylogenetic analysis
Maximum likelihood (ML) and Bayesian inference (BI) analyses were conducted on static alignments, which were inferred as follows. Sequences of ribosomal and snRNA genes were aligned using MUSCLE ver. 3.6 (Edgar 2004 ) with default parameters, and subsequently treated with GBlocks ver. 0.91b (Castresana 2000) to cull positions of ambiguous homology. For these genes, gaps were permitted within blocks. Sequences of protein-encoding genes were aligned using MUSCLE ver. 3.6 with default parameters as well, but alignments were confirmed using protein sequence translations before treatment with GBlocks ver. 0.91b, and no gaps were permitted within blocks. The size of data matrices for each gene prior and subsequent to treatment with GBlocks ver. 0.91b is provided in Table 2 .
Maximum likelihood analysis was conducted using RAxML ver. 7.2.7 (Stamatakis 2006) through the CIPRES ver. 3 gateway, using the Abe Dell Intel 64 Linux teragrid cluster housed at the National Center for Supercomputing Applications (University of Illinois). A unique GTR model of sequence evolution (Tavaré 1986 ) with corrections for a discrete gamma distribution (GTR + G) was specified for each data partition (Yang 1996) . Nodal support was estimated via the rapid bootstrap algorithm (1000 replicates) using the GTR-CAT model (Stamatakis et al. 2008) .
Bayesian inference analysis was performed using MrBayes ver. 3.1.2 (Huelsenbeck and Ronquist 2005) with a unique GTR model of sequence evolution with corrections for a discrete gamma distribution and a proportion of invariant sites (GTR + G + I) specified for each partition, as selected in Modeltest ver. 3.7 (Posada and Crandall 1998; Posada 2005) under the Akaike information criterion (Posada and Buckley 2004) . Default priors were used starting with random trees, and three hot and one cold Markov chains were run until the average deviation of split frequencies reached <0.01 (10 000 000 generations). After burn-in samples were discarded, sampled trees were combined in a single majority consensus topology, and the percentage of nodes was taken as posterior probabilities.
Estimation of divergence times
Ages of clades were inferred using BEAST ver. 1.6.1 (Drummond et al. 2006; Drummond and Rambaut 2007) . We specified a unique GTR model of sequence evolution with corrections for a discrete gamma distribution and a proportion of invariant sites (GTR + G + I) for each partition; and we further separated site models for first, second and third codon positions for all five protein-encoding genes.
Fossil taxa were used to calibrate divergence times, as in previous studies (Giribet et al. 2010) . We constrained the age of Eupnoi to 410 Mya using the Devonian harvestman Eophalangium sheari Dunlop, Anderson, Kerp & Hass, 2004 (see Dunlop et al. 2003 Dunlop et al. , 2004 Dunlop and Anderson 2005) ; a normal distribution with a standard deviation of 5 million years was applied to this node to account for uncertainty in estimation of fossil age. Dyspnoi were constrained using a normal distribution with a mean of 300 Mya and a standard deviation of 10 million years, on the basis of the Carboniferous fossils Eotrogulus fayoli Thevenin, 1901 and Nemastomoides elaveris Thevenin, 1901 (see Dunlop 2007 ).
An uncorrelated lognormal clock model was inferred for each partition, and a Yule speciation process was assumed for the tree prior. We selected the uncorrelated lognormal model because its accuracy is comparable to an uncorrelated exponential model, but it has narrower 95% highest posterior density intervals. Additionally, the variance of the uncorrelated lognormal model can better accommodate data that are already clock-like (Drummond et al. 2006) . Priors were sequentially optimised in a series of iterative test runs (data not shown). Markov chains were run for 50 000 000 generations, sampling every 5000 generations. Convergence diagnostics were assessed using Tracer ver. 1.5 (Rambaut and Drummond 2009 ).
Ancestral range reconstruction
Likelihood analysis of range evolution of (Samooidea + Zalmoxoidea) was conducted using the program Lagrange (Ree et al. 2005; Ree and Smith 2008) . We isolated the dated subtree of the clade (Zalmoxoidea + Samooidea) from BEAST analysis and coded the ranges of terminals as Afrotropical, Neotropical or Indo-Pacific. We implemented stratified dispersal constraint matrices for three spans of time:
(1) 0-35 Mya (disconnection of all three landmasses); (2) 35-110 Mya (transantarctic connections between the Australian plate and temperate South America; disconnection of South America and West Africa); and (3) 110-206 Mya (connection of all three landmasses). Geological events used to delimit the time spans follow Sanmartín and Ronquist (2004) . The maximum number of areas in ancestral ranges was held at two (this convention reflects empirical observations of Laniatores species, the majority of which are narrowly distributed endemics), and dispersal constraints were set to either 1.0 (if landmasses were connected) or 0.1 (if landmasses were disjunct). 
Remarks
The morphology of Petrobunidae is not readily indicative of phylogenetic affinities. The sexually dimorphic fourth walking leg and apophyses of the opisthosomal sternites suggest a relationship to Zalmoxidae or Escadabiidae, respectively (or some distant relationship to Zalmoxoidea); the indistinct division of the mesotergum to Samoidae; and the spoonshaped pars distalis of the penis to erecanine Assamiidae or Phalangodidae. Molecular sequence data similarly do not support the placement of Petrobunidae either within or sister to a single family, disfavouring its inclusion in a previously described lineage. However, in most analyses, Petrobunidae clusters with other South-east Asian families, namely Epedanidae and Podoctidae (discussed below).
Etymology
The name refers to the appearance of males of this genus, which appear to have tiny pebbles attached to the proximal part of the fourth leg when observed with the naked eye, due to the greatly enlarged trochanter IV. Derived from Greek 'petra' (pÝtra), meaning 'stone' or 'pebble'; and '-bunus', a common suffix in Opiliones taxonomy (e.g. Hadrobunus, Triaenobunus, Dibunus). It is also wordplay, as the type species is named after an individual with the given name 'Peter'. Genus Petrobunus, gen. nov.
Type species: Petrobunus schwendingeri, sp. nov.
Diagnosis
Small Grassatores (body length <2 mm) distinct from other petrobunids in the following combination of characters: coxa and trochanter of male leg IV greatly incrassate, with trochanter IV sub-rectangular in lateral aspect. Tarsal formula 3 : 5 : 5 : 5-6. Pars distalis of penis shaped as the head of a javelin; two to three pairs of setae on ventral plate and four setae on each lateral margin; glans free in apical part, with parastylar lobe extending proximally. Ovipositor with two ventral setae (one per apical lobe), set apart from one another by a distance equal to approximately one-third the width of the ovipositor.
Distribution
The newly described species are known only from the Additional material studied. 1 < juvenile, same collecting data as holotype.
Diagnosis
Small petrobunid with unarmed ocularium. Distinct from other species in the genus in the mesotergum with transverse bands of pigmentation, and in the armature of the opisthosomal sternites (two pairs of tubercles on sternite 7 and one pair on sternite 8). Anterior margin of carapace with two pairs of blunt pegs above coxae of leg I, with outer pair of sub-rectangular shape (Fig. 4) . Scutal grooves of mesotergum indistinct, with mesotergal areas distinguishable only by transverse bands of pigmentation. Free tergites without large tubercles. Ventral prosomal complex of male with coxae II and III meeting in midline, coxae I and IV not so. Anterior and posterior margins of coxae III with tubercular bridges to adjacent coxae. Coxae IV of male greatly enlarged, with setose tubercles on anterior margin. Genital operculum sub-triangular. Spiracles not concealed, adjacent to row of tubercles. Opisthosomal sternite 7 with two pairs of large tubercles displaced away from midline. Opisthosomal sternite 8 with one pair of smaller tubercles flanking midline. Anal plate unarmed (Fig. 4) . Chelicerae ( Fig. 5 ) sexually monomorphic, with prominent bulla on proximal article. Proximal article with denticulate granulation basally and ventrally. Second article not incrassate, free of ornamentation, with dorsal margin bearing several setae. Distal article with delicate dentition, free of ornamentation.
Palpi ( free in apical part and simple, with parastylar lobe extending proximally. Ovipositor ( Fig. 6 ) composed of two apical lobes, each bearing two dorsal setae, one ventral seta and two apical setae. Distal surfaces of apical lobes smooth. Bases of dorsal setae in contact. Bases of ventral setae set apart by a distance approximately equal to one-third the width of the ovipositor.
Distribution
Known only from type locality.
Etymology
The specific epithet honours Dr Peter J. Schwendinger, curator at the MHNG, for his inspiration and tireless efforts to advance knowledge of South-east Asian arachnid fauna. 
Diagnosis
Small petrobunid with unarmed ocularium, with mesotergum free of pigmentation. Distinct from congeners in the armature of the free opisthosomal tergites and anal plate (setose tubercules) and of the opisthosomal sternites (sternites 3-6 with single tubercle on each side, forming a line under each coxa IV, sternite 7 with two large spines directly anteroventrally, and sternite 8 with an evenly distributed belt of eight smaller spines). Femur IV of male with a single tubercle basoventrally. Penis narrow, in the shape of a spear blade, with three pairs of ventral setae.
Description
Total length of male holotype (female paratype [MCZ 100879] in parentheses) 1.30 (1.15), greatest width of prosoma 0.58 (0.56), greatest width of opisthosoma 0.79 (0.80); length-to-width ratio 1.65 (1.44) (Figs 5, 8) . Body campaniform, yellow (in alcohol, depending on incidence of light), almost entirely with a dense microgranulate surface microstructure. Eyes present on low, well developed ocularium, without median ocularial tubercle. Ocularium 0.12 (0.10) long, 0.18 (0.16) wide, removed from anterior margin of carapace. Anterior margin of carapace with two pairs of conical pegs above coxae of leg I. Scutal grooves of mesotergum indistinct, free of transverse bands of pigmentation. Free tergites with regular belts of setose tubercles (Fig. 5) .
Ventral prosomal complex of male with coxae II and III meeting in midline, coxae I and IV not so. Anterior and posterior margins of coxae III with tubercular bridges to adjacent coxae. Coxae IV of male greatly enlarged, with setose tubercules on anterior margin. Genital operculum sub-triangular. Spiracles not concealed, anterior to row of tubercules. Opisthosomal sternites 3-6 each with belt of small regular tubercles. Opisthosomal sternite 7 with two large setose spines directly anteroventrally. Opisthosomal sternite 8 with belt of regular tubercles. Two rows of tubercles aligned anteroposteriorly under outer limit of coxae IV. Anal plate armed with tubercles ( Fig. 6) .
Chelicerae ( Fig. 7 ) sexually monomorphic, with prominent bulla on proximal article. Proximal article with denticulate granulation basally and ventrally. Second article not incrassate, free of ornamentation, with dorsal margin bearing several setae. Distal article with delicate dentition, free of ornamentation. Palpi ( Fig. 7 ) robust and spined ventrally or ventrolaterally. Palpal trochanter with one ventral spine, two small setae. Palpal femur with two proximal ventral spines in a row, and two paired distal spines (one ventral, one mesoventral). Palpal patella with a single spine, directed inward. Palpal tibia with two pairs of spines, and a small basal setose tubercle. Palpal tarsus with two pairs of spines. Palpal claw nearly as long as palpal tarsus.
Legs I-IV ( Fig. 7) finely granulated. Male trochanter IV greatly enlarged, sub-rectangular in lateral aspect, with one large setose tubercle ventrally. Femora I-IV without basal pegs; femur IV with one large tubercle ventrally. Femur III arcuate in males and females, free of tubercles. Femur IV and patella IV of male with irregular rows of mesal/mesoventral tubercles. Tibia IV of male with multiple irregular rows of large tubercles; distally, ventral tubercles small, not bulbous. Metatarsi I-IV divided distally, with distal portion lacking ornamentation; metatarsus IV of male with two rows of mesal/mesoventral tubercles. Tarsus IV unornamented. Female trochanter IV not enlarged, leg IV free of tubercles. Tarsal claws I-IV smooth, unmodified. Tarsal segmentation 3 : 5 : 5 : 6.
Penis (Fig. 8 ) narrow and slender, in the shape of a spear blade. Lateral margins gradually coalescing dorsally, resulting in spoon shape in dorsal aspect. Ventral surface with three pairs of setae, lateral margins with four setae each. Glans free in apical part and simple, with parastylar lobe extending proximally.
Ovipositor (Fig. 8 ) composed of two apical lobes, each bearing two dorsal setae, one ventral seta and two apical setae. Distal surfaces of apical lobes smooth. Bases of dorsal setae in contact. Bases of ventral setae set apart by a distance approximately equal to one-third the width of the ovipositor. 
Distribution
Known only from type locality and additional localities reported here.
Etymology
The specific epithet, an invariable noun in apposition, refers to the enlarged belts of tubercles on the free tergites and opisthosomal sternites of this species. Derived from Latin 'spina', meaning 'spear' or 'dart', and 'ferre', meaning 'to carry or bear'.
Petrobunus torosus, sp. nov. (Figs 11-14 
Diagnosis
Distinct from congeners in the well developed ocularium armed with median tubercle. Mesotergum free of pigmentation, as in P. spinifer, but opisthosomal sternites without large spines (sternites 7-9 armed only with small low tubercles). Proximal region of femora of all legs with single, blunt peg. Penis widened in the base of the pars distalis, stocky, in the shape of a spear blade, with three pairs of ventral setae. (Fig. 12) . Ventral prosomal complex of male with coxae II and III meeting in midline, coxae I and IV not so. Anterior and posterior margins of coxae III with tubercular bridges to adjacent coxae. Coxae IV of male greatly enlarged, with setose tubercles on anterior margin. Genital operculum sub-triangular. Spiracles not concealed, anterior to row of tubercles. Opisthosomal sternites with irregular belts of rounded tubercles. Anal plate unarmed (Fig. 12) .
Chelicerae ( Fig. 13 ) sexually monomorphic, with prominent bulla on proximal article. Proximal article with denticulate granulation basally and ventrally. Second article not incrassate, free of ornamentation, with dorsal margin bearing several setae. Distal article with delicate dentition, free of ornamentation.
Palpi (Fig. 13 ) robust and spined ventrally or ventrolaterally. Palpal trochanter with one ventral spine, two small setae. Palpal femur with two proximal ventral spines in a row, and two paired distal spines (one ventral, one mesoventral). Palpal patella with a single spine, directed inward. Palpal tibia with two pairs of spines, and a small basal setose tubercle. Palpal tarsus with two pairs of spines. Palpal claw as long as palpal tarsus.
Legs I-IV ( Fig. 13 ) finely granulated. Male trochanter IV greatly enlarged, sub-rectangular in lateral aspect, with one large ventral tubercle and three smaller mesodorsal tubercles. Femora I-IV with one basal peg on ventral surface, with peg free of granulation. Femur III arcuate in males and females, free of tubercles. Femur IV and patella IV of male with two irregular rows of mesal/mesoventral tubercles. Tibia IV of male with multiple irregular rows of tubercles, with ventral row enlarged and conical distally; distal-most ventral tubercle composed of two fused tubercles. Metatarsi I-IV divided distally, with distal portion lacking ornamentation; metatarsus IV of male with two rows of mesal/mesoventral tubercles. Female trochanter IV not enlarged, leg IV free of tubercles. Tarsal claws I-IV smooth, unmodified. Tarsal segmentation 3 : 5 : 5 : 6. Penis (Fig. 14) narrow, in the shape of a spear blade, widened near base. Lateral margins gradually coalescing dorsally, resulting in spoon shape in dorsal aspect. Ventral surface with three pairs of setae, lateral margins with four setae each. Glans free in apical part and simple, with parastylar lobe extending proximally. Ovipositor (Fig. 14) composed of two apical lobes, each bearing two dorsal setae, one ventral seta, and two apical setae. Distal surfaces of apical lobes smooth. Bases of dorsal setae in contact. Bases of ventral setae set apart by a distance approximately equal to one-third the width of the ovipositor.
Distribution
Known only from type locality and additional locality reported here.
Etymology
The specific epithet refers to the stocky and robust appearance of the fourth leg in the males of this species. Derived from Latin 'torosus', meaning 'muscular' or 'bulging'.
Family TITHAEIDAE, fam. nov. 
Diagnosis
Medium-sized Grassatores with a low ocularium removed from the anterior margin of carapace, that differ from Epedanidae in lacking a median spine. In some species, slight to large hump situated anterior of ocularium. Scutal region divided into five areas, areas I and II not fused, as opposed to Epedanidae. Chelicerae typical, basal segment not enlarged (as opposed to Epedanidae). Distinct from Podoctidae in the lack of spines on leg I and in the lack of a sexually dimorphic ocularium. Tarsal formula 5 : 8+ : 5 : 6; not reduced (as opposed to Sandokanidae and Podoctidae). Distitarsi of legs I and II typically with two tarsalia, distinguished from Petrobunidae in the trochanter of leg IV not enlarged in males. Tarsi III and IV with unmodified double claws, scopulae absent (as opposed to most Samooidea). Distal margin of ventral plate of penis usually with deep cleft (most Tithaeus), or widening distally into setiferous and conical structure (Metatithaeus); glans with simple membranous lobe covering the stylus; terminus of stylus either a bifurcate or slightly inflatable lobe; absence of prominent parastylar lobes (distinguishing it from Petrobunidae); absence of a ring of setae surrounding a capsula interna (found in Epedanidae). Ovipositor lobes typically with a pair of ventral and dorsal setae.
Remarks
One of dozens of genera placed in the subfamily Phalangodinae (Phalangodidae) by Roewer (1912 Roewer ( , 1923 Roewer ( , 1949 , Tithaeus was subsequently extricated and transferred to Epedanidae by Kury (1993 Kury ( , 2003 Kury ( , 2006 on the basis of the male genitalia, although the placement was ambiguous, given the absence of typical epedanid morphology, such as elongate and armed pedipalpi, an erect ocularial spine (absent in Dibuninae), the fusion of scutal areas I and II, side-branches in the posterior claws, and stout dentition of the cheliceral fingers ( comparisons of the male genitalia of a phalangodid (Texella), an epedanid (Kilungius, Saracinicinae) and Tithaeus suggested a closer relationship between Epedanidae and Tithaeus, in spite of marked differences in the stylar lobe and the extent of the basal sac (Lian et al. 2008 ).
Our phylogenetic analyses corroborate a closer relationship between Epedanidae and Tithaeus with respect to Phalangodidae (which is sister to the remaining Grassatores and therefore distantly related to both lineages), but the clade Tithaeus + Metatithaeus neither nests within, nor is sister to, Epedanidae in any of the topologies we examined. Moreover, the cleft ventral plate forming two prongs in the male genitalia of many Tithaeus species, in addition to the absence of a ring of setae surrounding the capsula interna (typical of Epedanidae), suggest that Tithaeus and related genera (e.g. Istithaeus, Metatithaeus, Tithaeomma, etc.) are not true epedanids, but may be more closely related to either (1) Podoctidae, a hypothesis that is supported in some analyses (bootstrap frequency in ML [BS] = 59%, posterior clade probability given by MrBayes [PP] = 0.97), or (2) the clade (Podoctidae + Sandokanidae), recovered by the BEAST topology (posterior clade probability given by BEAST [PP BEAST ] = 1.00).
The inclusion of Tithaeus-like Grassatores in Epedanidae renders the latter para-or diphyletic, and obscures a clear diagnosis of epedanids, as the morphology of Tithaeus (and Metatithaeus) does not accord with many epedanid synapomorphies. Moreover, inclusion of Tithaeus and/or Metatithaeus within a broader Podoctidae is also unjustified because this violates many of the synapomorphies of Podoctidae, such as (1) tubercles/spines in dorsal and ventral rows on leg I, (2) tubercular bridges, (3) a sexually dimorphic basichelicerite, and (4) a sexually dimorphic ocularium.
Consequently, we erect the family name Tithaeidae, separating Tithaeus and Metatithaeus from Epedanidae. Tithaeidae likely includes the monotypic Roewerian genera Istithaeus, Kondosus, Sterrhosoma and Tithaeomma, but the status of these genera requires further investigation and will be addressed in a forthcoming study.
Distribution
Distributed throughout Sundaland: the Thai-Malay Peninsula, Sumatra, Java and Borneo. Also reported from northern Vietnam and southern China. One doubtful record from West Timor (see Lian et al. 2008) .
Results
Phylogenetic analysis
Less sequence data are presently available for Briggsus flavescens (partial 28S and COI; Derkarabetian et al. 2010) with respect to the rest of the data matrix. Consequently, two ML analyses were conducted, including and excluding Briggsus flavescens. The ML analysis with all taxa resulted in a tree topology with lnL = -83725.97. Repeating the analysis without Briggsus resulted in a tree topology with lnL = -83361.08. The two topologies are identical save for the internal relationships of Travunioidea, which includes Briggsidae (Fig. 15) . Inclusion of Briggsidae recovers a diphyletic Cladonychiidae, with Briggsus sister to Holoscotolemon, but these relationships are not supported. Exclusion of Briggsidae results in higher nodal support frequencies within Travunioidea, and recovers a sister relationship of Sclerobunidae and the remaining Travunioidea (BS = 75%); and a monophyletic Cladonychiidae + Travuniidae (BS = 77%) sister to Trojanella. Including Briggsus in the analysis does not affect topology or nodal support in other parts of the phylogeny. Monophyly of Travunioidea is strongly supported (BS = 100%) in either case.
Runs of MrBayes ver. 3.1.2 reached stationarity in 2 000 000 generations; 2 500 000 generations (25%) were hence discarded as burn-in. The BI analysis with all taxa resulted in a topology largely similar to the ML tree (Fig. 16 ). Notable differences are the relative placements of the clade (Gonyleptoidea + Stygnopsidae) and the South-east Asian group of families. Some differences exist with respect to supported nodes within superfamilies.
Estimation of divergence times
The run of BEAST reached stationarity after 6 000 000 generations; 10 000 000 generations (20%) were discarded as burn-in. The tree topology recovered by BEAST (Fig. 17) (Giribet et al. 2010) , but confidence intervals for estimated ages are more precise. A tree file of estimated ages and 95% highest posterior density (HPD) intervals for all nodes is provided as an Accessory Publication on the Invertebrate Systematics website. Whereas the basal topology of Grassatores is unstable and unsupported, most familial and superfamilial relationships are consistently recovered across analyses. A consensus of topologies across all analyses is shown in Fig. 18 .
Discussion
A molecular phylogeny of the armoured harvestmen has long proven elusive. Laniatores comprises entire genera and families that are endemic to particular provinces of the world. In some cases, higher taxonomic ranks do not even occur beyond specific islands (e.g. the New Zealand family Synthetonychiidae; Forster 1954). Moreover, Laniatores includes the majority of all described Opiliones species (and over half of all described families), and new lineages continue to be discovered. Consequently, previous efforts to assess Laniatores phylogeny have been prone to undersampling numerous lineages, such as Assamiidae, Epedanidae and the superfamilies Samooidea and Zalmoxoidea (e.g. Giribet et al. 1999 Giribet et al. , 2002 Shultz and Regier 2001) .
The present study, with the inclusion of all families of armoured harvestmen described heretofore, enables detailed investigation of internal relationships of Laniatores. Of principal interest are the phylogenetic placement of the two new families of Laniatores erected herein and the systematic validity of defined superfamilies. Many of the relationships recovered in our analyses are consistent with traditional hypotheses based on morphological studies, but there are some unexpected results. We discuss these in turn.
Insidiatores
Within a monophyletic Laniatores recovered in all analyses (BS = 100%, PP = 0.93), the constituent lineages of Insidiatores form a paraphyletic grade with respect to Grassatores. While Triaenonychoidea and Travunioidea do form a clade (albeit with low nodal support), the New Zealand endemic family Synthetonychiidae is recovered as sister to all remaining Laniatores (BS = 78%, PP = 1.00), consistent with the results of a recent study (Giribet et al. 2010) . However, the inclusion of more data in fact lowers the nodal support for this sister relationship relative to the previous study's ML analysis, likely due to the influence of missing data (in particular, onlỹ 300 bp out of a targeted 3400 bp of 28S rRNA are presently available for Synthetonychia). Consequently, we do not treat the placement of Synthetonychiidae as definitive.
In all analyses, the southern hemisphere Triaenonychidae form a strongly supported clade that diversified~200 Mya (BS = 100%, PP = 1.00). Their distribution and the age of this clade's diversification are similar to that of the temperate Gondwanan cyphophthalmid family Pettalidae (estimated to have diversified~183-221 Mya; Giribet et al. 2010) , suggesting a parallel biogeographical process in these lineages. The North American triaenonychid Fumontana deprehendor Shear, 1977 is sister to the southern hemisphere Triaenonychidae in all analyses, consistent with previous classification (Giribet and Kury 2007; Thomas and Hedin 2008) , but support for a monophyletic Triaenonychoidea is limited and sensitive to analytical parameters (BS = 57%, PP < 0.50, PP BEAST = 0.66). We recovered a monophyletic Travunioidea, which includes Briggsidae, in all analyses (BS = 100%, PP = 1.00), corroborating the superfamilial placement of briggsids. Briggsidae is recovered sister to either Trojanella (ML) or Holoscotolemon (BI), or part of a grade with both of these taxa (BEAST), but these placements are not supported (BS < 50%, PP BEAST = 0.85 and PP = 0.51, respectively). Missing data for Briggsidae depresses nodal support in ML analyses within Travunioidea, obscuring interfamilial relationships. In the absence of Briggsidae, we recover a sister relationship between Sclerobunidae (Zuma acuta Goodnight & Goodnight, 1942) and the remaining Travunioidea (BS = 75%), and the monophyly of Travuniidae + Cladonychiidae (BS = 77%).
A recent molecular dating of Travunioidea obtained much younger dates than estimated herein, in spite of similar taxa and molecular loci. In that study, Derkarabetian et al. (2010) investigated the evolution of troglobitism in Sclerobunidae (also referred to as the 'North American triaenonychids'), and used the cladonychiid fossil Protoholoscotolemon (38-54 Mya; Ubick and Dunlop 2005) to constrain the minimum age of Travunioidea, in addition to calibration points derived from geological ages of strata. These practices accord with the scope of the troglobitism study (the divergences of interest were comparatively recent -Pliocene or younger), but we did not utilise Protoholoscotolemon in our dating for two reasons: (1) we do not obtain an unambiguously monophyletic Cladonychiidae in our analyses, and (2) the Devonian and Carboniferous fossils we utilised as calibration points are sufficiently old to obtain a result consistent with an Eocene cladonychiid fossil. The different calibration points implemented in the respective studies therefore account for the discrepancy in the dating. In addition, the morphological conservatism of Opiliones makes it doubtful that the age of Protoholoscotolemon is the maximum age of the superfamily.
Our sampling of Insidiatores lineages remains limited and, barring the inclusion of Briggsidae, additions to taxonomic sampling largely concern Grassatores. Consequently, continued sampling and systematic studies of Insidiatores (e.g. Mendes and Kury 2008; Thomas and Hedin 2008; Derkarabetian et al. 2010) are instrumental and imperative to addressing outstanding questions of phylogenetic relationships and morphological evolution. A phylogeny of Triaenonychidae is particularly wanting.
Early diverging Grassatores: Phalangodidae and Sandokanidae
The recovery of a monophyletic Grassatores (supported in all analyses; BS = 99%, PP = 1.00) is consistent with several morphological synapomorphies uniting this diverse group, such as the presence of two tarsal claws on walking legs III and IV. However, the basal topology of Grassatores has long been contentious. Previously, two superfamilies of Grassatores were recognised: Oncopodoidea (with the single family Sandokanidae (formerly Oncopodidae)) and 'Gonyleptoidea' (with the remaining families) (Martens 1976 (Martens , 1986 Martens et al. 1981) . This dichotomy was largely based upon the unique morphology of Sandokanidae -characters such as the scutum completum (fused opisthosomal tergites), reduced tarsal articles and genitalic structures, which are not found in the remaining Grassatores (Martens 1980; Giribet et al. 2002; Sharma and Giribet 2009) . It was alternatively contended that these characters constituted autapomorphies of Sandokanidae, which was nested within 'Gonyleptoidea' itself (Kury 2003) .
In all analyses, we obtained an initial divergence between Phalangodidae and the remaining Grassatores (BS = 100%, PP = 0.96), refuting the traditional dichotomy between Sandokanidae and 'Gonyleptoidea.' Therefore, we herein define Gonyleptoidea as the taxon consisting of Agoristenidae, Cosmetidae, Cranaidae, Gonyleptidae, Manaosbiidae and Stygnidae. The split between Phalangodidae and the remaining Grassatores has been postulated to correspond to the rifting of the ancient supercontinents Laurasia and Gondwana, as the distribution of Phalangodidae was believed to be strictly Holarctic (Giribet et al. 2010) . However, the inclusion of the Madagascar genus Remyus, previously placed in Zalmoxidae (Staręga 1989) , within a monophyletic Phalangodidae indicates broader distribution of phalangodids -complementing the Triaenonychidae-Fumontana case discussed above. Moreover, the origin of Phalangodidae is estimated to have occurred around 302 Mya (95% HPD: 264-335 Mya), greatly predating the breakup of the supercontinents. These results indicate that Phalangodidae may be narrowly defined, and we consequently transfer Remyus to Phalangodidae (new familial assignment).
The unusual family Sandokanidae has been postulated to be sister to Podoctidae (Sharma and Giribet 2009; Giribet et al. 2010) or to form a grade with Phalangodidae (Kury's 'Phalangodoidea', partly). In the present study, ML and BI topologies reconstruct Sandokanidae as sister to the remaining non-phalangodid Grassatores, albeit with insignificant nodal support (BS = 21%, PP = 0.78). Curiously, the topology obtained by BEAST recovers the clade (Sandokanidae + Podoctidae) nested within a single clade of South-east Asian families (PP BEAST = 0.85). These results do not unambiguously favour one hypothesis over another, and the phylogenetic placement of Sandokanidae in the Grassatores tree therefore remains debatable.
Regardless of the inclusion of Sandokanidae within the South-east Asian group of families, that the sister family to the remaining Grassatores is Phalangodidae, not Sandokanidae, indicates that the peculiar morphology of sandokanids is the result of multiple apomorphic reversals, not the retention of plesiomorphic characters (Martens and Schwendinger 1998) . The large scutum and low tarsomere number found in Sandokanidae also occur in Trogulidae and Dicranolasmatidae (suborder Dyspnoi), and all Cyphophthalmi, and appear to have evolved convergently. This morphology may reflect adaptations to a shared ecological niche; all these groups inhabit leaf litter, include no arboricolous species and are limited in vagilityalthough these life history traits are also found in other groups. However, this hypothesis has yet to be rigorously tested.
Sandokanidae is presently one of few families of Grassatores for which a molecular phylogeny assessing intergeneric relationships is available (Sharma and Giribet 2009) , and consistent with earlier results, the monophyly of Sandokanidae is strongly supported (BS = 100%, PP = 1.00), as is the initial split between Martensiellus and the remaining genera (an undescribed species was referred to as 'gen. sp.' by Sharma and Giribet 2009 , but subsequent morphological investigation revealed this to be 
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Invertebrate Systematics P. P. Sharma and G. Giribet a miniature species of Martensiellus; P. J. Schwendinger, pers. comm.) (BS = 92%, PP = 1.00). Intergeneric relationships of sandokanid genera are contingent upon analytical treatment of molecular partitions (with additional sandokanid exemplars; data not shown), reflecting conflict among datasets documented by Sharma and Giribet (2009) .
The other South-east Asian families
Epedanidae was postulated to be sister to Gonyleptoidea in a cladistic analysis based on morphological characters (Kury 1993) . Subsequently, Kury (2003) proposed that Epedanidae was sister to the clade (Assamiidae (Stygnopsidae + Gonyleptoidea)). The single epedanid previously included in a molecular phylogeny was similarly unstable in placement, either nesting within Assamiidae or sister to the African 'phalangodids' (Conomma and Maiorerus), in neither case with appreciable nodal support (Giribet et al. 2010) . Furthermore, previous inclusion of several lineages (e.g. Tithaeus) within Epedanidae that do not bear characters typical of true epedanids -sexually dimorphic chelicera with heavy dentition, elongate and spined pedipalpi, male genitalia with setae surrounding the capsula interna -has also made this family difficult to define. Consequently, we included only Epedaninae (e.g. Pseudoepedanus, Alloepedanus and Euepedanus) as exemplars of true epedanids; the systematic validity of the remaining three subfamilies (and particularly the inclusion of Dibuninae) is beyond the scope of this study and remains to be investigated. The monophyly of each of four South-east Asian familiesEpedanidae (represented by epedanines), Tithaeidae, Petrobunidae and Podoctidae -is recovered with high nodal support (all BS = 100%, PP = 1.00). These lineages are somehow related to each other, and while they form a clade in both ML and BI analyses, this result receives insignificant nodal support (PP = 0.77). In the topology recovered by BEAST, the Southeast Asian families form a clade that includes Sandokanidae, a result consistent with the distribution of sandokanids, albeit without support (PP BEAST = 0.85). Tithaeidae is probably closely related to Podoctidae, given the occurrence of a deeply cleft ventral plate resulting in two flanking prongs in the male genitalia of both families (Suzuki 1977; Lian et al. 2008; Fig. 19 ). In addition, the clade (Podoctidae + Tithaeidae) is recovered with moderate support in ML and BI analyses (BS = 59%; PP = 0.97). In none of the analyses is Tithaeidae nested within, or sister to, Epedanidae sensu stricto.
The morphology of Petrobunidae suggests some relationship to previously described South-east Asian families, or alternatively Phalangodidae, but not inclusion within any of these (Fig. 19) . Molecular sequence data do not support any specific placement of Petrobunidae, although it clusters with other South-east Asian families in all analyses and is recovered sister to Epedanidae in two topologies (BI and BEAST).
Gonyleptoidea and Stygnopsidae
With over 2500 described species, the superfamily Gonyleptoidea constitutes the most diverse and (arguably) the most charismatic lineage of Opiliones, with most of this diversity concentrated in Amazonia (some cosmetids occur as far north as the mid-Atlantic states of the US). In a previous analysis, relationships of gonyleptoid families were unsupported and/or did not accord with morphological studies (Giribet et al. 2010) . In particular, the placement of the agoristenid exemplar Avima albiornata (Goodnight & Goodnight, 1947 ) -the putative sister family to the remaining Gonyleptoidea -within a paraphyletic Cranaidae was particularly suspect, given the limited availability of sequence data for Avima (complete 18S rRNA, a 300-bp fragment of 28S rRNA, and COI). In addition, the sister group of Gonyleptoidea was ambiguous and contingent upon analytical parameters.
Redoubling sequencing efforts and addition of taxa, particularly in the case of Agoristenidae (currently sequenced for 12S rRNA, complete 18S rRNA, a 2000-bp fragment of 28S rRNA, COI, H3 and EF-1a), improved the assessment of gonyleptoid relationships. A monophyletic Gonyleptoidea (BS = 58%, PP = 0.66) is recovered sister to the family Stygnopsidae (BS = 57%, PP = 1.00). Within Gonyleptoidea, a split between Agoristenidae and the remaining gonyleptoids is strongly supported (BS = 100%, PP = 1.00), followed by the divergence of Stygnidae (BS = 71%, PP = 0.99). This placement of Agoristenidae is supported by morphological studies (Pinto-da-Rocha and Kury 2007), although in a minority of tree topologies sampled in BI analyses, Agoristenidae is sister to Stygnopsidae (hence, lower nodal support for the monophyly of Gonyleptoidea in BI). The placement of Manaosbiidae is uncertain; it is recovered sister to either (Gonyleptidae + Cranaidae) (PP = 0.89) or to Cosmetidae (PP BEAST = 0.92), but these results are not supported. Cranaidae is recovered as monophyletic (BS = 99%, PP = 1.00) and nested within a paraphyletic Gonyleptidae.
The present sampling of Cosmetidae and Gonyleptidae does not do justice to the diversity of these lineages (~700 and 800 described species, respectively). A phylogenetic assessment of all 16 subfamilies of Gonyleptidae alone constitutes the subject of an arduous and exacting study. Fortunately, cladistic analyses of morphological characters continue to advance phylogenetic investigation of subfamilial lineages (e.g. Bourguyiinae, Yamaguti and Pinto-da-Rocha 2009; Goniosomatinae, DaSilva and Gnaspini 2009; Hernandariinae, DaSilva and Pinto-da-Rocha 2010) . Elucidating the phylogeny of Gonyleptoidea is one of the most exciting research topics in the study of Opiliones.
The Afrotropical families
The third most diverse family of Laniatores, Assamiidae constitutes the dominant opiliofauna of the African continent (excluding Madagascar), with some lineages occurring in South Asia, the Indo-Malay Archipelago and Australia (Trionyxellinae and Dampetrinae). Proposed to be related to Epedanidae, Stygnopsidae and/or Gonyleptoidea (Kury 2007) on the basis of genitalic structures, assamiids were not recovered as monophyletic in a previous study (paraphyly was induced by either Epedanidae or African Biantidae), and the placement of the subfamily Trionyxellinae was particularly suspect (Giribet et al. 2010) . Trionyxellinae was considered a separate family by Mello-Leitão (1949) , though others considered it nested within Assamiidae (e.g. Staręga 1992 ). In our analyses, the monophyly of Assamiidae is supported (BS = 79%, PP = 1.00); 'Trionyxellinae' (Trionyxella and Mysorea, both with a pseudonychium on the third and fourth tarsi) is a diphyletic entity nested within the other Assamiidae (for the node rendering diphyly, BS = 100%, PP = 1.00), disfavouring family status for trionyxellines.
The African 'phalangodids' (sometimes called the 'Pyramidops group') were recognised as a new family by Staręga (1992) , but not formalised, and included 13 genera (Conomma, Pyramidops, and related lineages). Consistent with this hypothesis, we recovered strong support for the Pyramidops group (represented by Conomma and cf. Pyramidops) as a lineage separate from the true Phalangodidae (e.g. Bishopella and Scotolemon), recapitulating a previous result (Giribet et al. 2010) . The African 'phalangodids' were recovered as the sister lineage of Assamiidae, although this relationship is variably supported in our analyses (BS = 40%, PP = 0.95, PP BEAST = 1.00). A review and formal description of the Pyramidops group as a new family 'Pyramidopidae' -a name widely available on the internet, including GBIF, but not formalised -is undertaken elsewhere (Sharma et al. 2011 ).
While we have endeavoured to improve the sampling of Assamiidae from South-east Asia, the internal systematics of this family remain a high value target for phylogenetic research. However, revision of assamiid systematics is inherently difficult for two reasons: (1) the family is peppered with questionable hierarchies and monotypic genera (~12 subfamilies and 250 genera for less than 500 described species), and (2) occurs in some of the most inaccessible regions of the world, namely, subSaharan Africa.
In all analyses, the clade (Assamiidae + Pyramidopidae) is sister to the clade (Zalmoxoidea + Samooidea), though this result is only supported in one analysis (PP = 1.00). The divergence of these four lineages is estimated to have occurred 252 Mya, and is consistent with diversification in West Tropical Gondwana, occurring at least 140 million years before the fragmentation of this terrane (~110 Mya).
Zalmoxoidea
As currently defined, the largely Neotropical superfamily Zalmoxoidea includes four families: Fissiphalliidae, Guasiniidae, Icaleptidae and Zalmoxidae. Guasiniidae has never before been included in a molecular phylogeny. In the present study, we sequenced a guasiniid for six genes, and our analyses strongly support the placement of Guasiniidae as sister to the samooid family Kimulidae (formerly Minuidae) (BS = 86%, PP = 0.98, PP BEAST = 0.99), and this clade in turn sister to another samooid family, Escadabiidae (BS = 65%, PP = 0.96, PP BEAST = 1.00). The families Fissiphalliidae, Icaleptidae and Zalmoxidae in turn form a separate clade (BS = 100%, PP = 1.00, PP BEAST = 1.00), with strong support for the sister relationship of Zalmoxidae and Fissiphalliidae (BS = 99%, PP = 1.00, PP BEAST = 1.00), corroborating relationships proposed by morphological studies (Kury and Pérez G. 2002; Pinto-da-Rocha and Kury 2003b) .
Previous analyses have suggested that Samooidea (discussed below) is a paraphyletic grade with respect to Zalmoxoidea (Giribet et al. 2010) . In the present analysis, the clade Samooidea + Zalmoxoidea is strongly supported (BS = 85%, PP = 1.00, PP BEAST = 1.00), as previously suggested by Pérez González and Kury (2007); and by excluding Escadabiidae and Kimulidae, Samooidea is rendered a monophyletic entity, albeit with limited support (BS = 53%, PP = 0.62, PP BEAST = 0.81). The strong support from molecular sequence data for the clade including Escadabiidae, Kimulidae and the four zalmoxoid families (BS = 89%, PP = 1.00, PP BEAST = 1.00) suggests that these may form a natural group.
Re-examination of the morphology of these six families in comparison with true samooid lineages (Biantidae, Samoidae and Stygnommatidae) corroborates the exclusion of Escadabiidae and Kimulidae from true Samooidea. Escadabiidae and Kimulidae (1) lack the scopula characteristic of Samoidae and stenostygnine Biantidae, (2) lack a sexually dimorphic metatarsus III characteristic of Samoidae, Stygnommatidae and stenostygnine Biantidae and (3) lack a penial calyx characteristic of Samoidae. Consistent with placement within Zalmoxoidea, Escadabiidae and Kimulidae (1) possess a small ocularium bearing the eyes that is removed from the margin of the carapace, (2) bear a well marked dorsal protuberance (bulla) on the proximal segment of the chelicera that lacks armature and (3) possess sexually dimorphic leg IV segments, particularly the femur and tibia, which may be variedly arcuate, incrassate and spined. Additionally, Escadabiidae, Fissiphalliidae and Zalmoxidae all possess sexually dimorphic tegumental gland openings on tibia II, whereas Biantidae, Samoidae and Stygnommatidae possess these structures on metatarsus III (Willemart et al. 2010) . While data on tegumental gland openings are only available for a small handful of species, these may constitute significant diagnostic characters for species wherein sexual dimorphism does not manifest itself in the readily observable form of enlarged and spiny segments.
Given the results of our phylogenetic analyses, maintaining Samooidea (as currently defined) renders it a paraphyletic grade with respect to a diphyletic Zalmoxoidea (as currently defined). Consequently, based on the aforementioned morphological characters and robust molecular phylogenetic signal, we transfer Escadabiidae and Kimulidae to Zalmoxoidea.
Samooidea
A previous cladistic analysis based upon morphological data suggested close relationship between six families -Biantidae, Escadabiidae, Kimulidae, Podoctidae, Samoidae and Stygnommatidae -thenceforth known as Samooidea (Kury 1993) , the only pantropical Laniatores superfamily. However, Podoctidae does not have any obvious relationship to Samooidea and has subsequently been transferred (Kury 2007) ; in our analyses, Podoctidae is sister to Tithaeidae or Sandokanidae, i.e. distantly related to all samooid families. Moreover, our analyses strongly favour the exclusion of Escadabiidae and Kimulidae from Samooidea.
The remaining three families -Biantidae, Samoidae and Stygnommatidae -are distributed in the Neotropics and parts of Africa, with a handful of suspect lineages in South-east Asia. Re-examination and reassignment of many Samoidae genera (e.g. the Indonesian 'samoid' Waigeucola palpalis; Pérez González 2011) suggest that the range of Samoidae does not include South-east Asia. Pérez González and Kury (2007) also observed that the 'samoids' of Africa, Madagascar and the Seychelles may not be true Samoidae either. Similarly, inclusion of the genus Stygnomimus, an Indonesian lineage, within Stygnommatidae is highly dubious, as the two Indonesian 'stygnommatids' are either highly autapomorphic (Stygnomimus conopygus (Roewer, 1927) ) or described on the basis of a generic female that is not readily distinguishable from females of other species (Stygnomimus malayensis (Suzuki, 1970) ). 
130
Invertebrate Systematics P. P. Sharma and G. Giribet Previous efforts to assess the systematic validity of Samooidea by means of molecular sequence data were limited, insofar as only two Samoidae, three Biantidae (all Metabiantes), and two Stygnommatidae were sampled (Giribet et al. 2010) . The sampling of Samoidae was especially problematic; only a single Neotropical adult (Pellobunus) and one African juvenile samoid ('Samoidae gen. sp.') were included. The designation of the latter is suspect, as juveniles of Samoidae are often indistinguishable from the juveniles of other lineages, because many diagnostic secondary sexual characters in Grassatores (e.g. spines and incrassate appendages) are not acquired until after several postembryonic stages (Townsend et al. 2009 ).
In the present study, though the type genus of Samoidae (Samoa, from Samoa) was not available, we sequenced the closely related genus Badessa (from Fiji, collected by P. P. S.), as well as additional Biantidae and Stygnommatidae. Our analyses recovered a monophyletic Samooidea (excluding Escadabiidae and Kimulidae; BS = 53%, PP = 0.62), with Samoidae sensu stricto (Pellobunus + Badessa; BS = 100%, PP = 1.00) nested within a paraphyletic Stygnommatidae, a placement that is supported (BS = 87%, PP = 1.00). By contrast, the African 'samoid' is sister to the African Biantidae, a relationship that is also well supported (BS = 100%, PP = 1.00). These relationships suggest a basal Fig. 19 . Cladogram of male genitalic evolution in South-east Asian families, superimposed upon a schematised molecular phylogeny based on ML and BI analyses of all molecular data. Exemplars: (a) Pseudoepedanus doiensis Suzuki, 1969 (redrawn from Suzuki 1969 , dorsal view; (b) Pseudoepedanus doiensis Suzuki, 1969 (redrawn from Suzuki 1969 , ventral view; (c) Paracrobunus bimaculatus Suzuki, 1977 (redrawn from Suzuki 1977 , ventral view; (d) Paracrobunus bimaculatus Suzuki, 1977 (redrawn from Suzuki 1977 , dorsal view; (e) Opelytus spinichelis Roewer, 1938 (redrawn from Suzuki 1976 , dorsal view; (f) Opelytus spinichelis Roewer, 1938 (redrawn from Suzuki 1976 , ventral view; (g) Petrobunus torosus, lateral view; (h) Zalmoxida gibbera Suzuki, 1969, dorsal view; Zalmoxida sp. (MCZ DNA102677), dorsolateral view; (j) Metatithaeus rubidus Suzuki, 1969 (redrawn from Suzuki 1969 , ventral view; (k) Tithaeus kokutnus Suzuki, 1985 (redrawn from Suzuki 1985 , ventral view; (l) Tithaeus similis Suzuki, 1985 (redrawn from Suzuki 1985 , ventral view; (m) Dongmoa oshimensis Suzuki, 1964 (redrawn from Suzuki 1964 , ventral view; (n) Bonea longipalpis Suzuki, 1977 (redrawn from Suzuki 1977 , ventral view; (o) Santobius annulipes Sørensen, 1886 (redrawn from Kury and Machado 2009), ventral view; Lomanius longipalpus mindanaoensis Suzuki, 1977 (redrawn from Suzuki 1977 dichotomy within Samooidea that corresponds to one group of Neotropical and Pacific lineages, and a second group of African lineages. However, as we were unable to sample stenostygnine (Neotropical) and Indo-Pacific Biantidae, as well as numerous monotypic genera dubiously placed in Samoidae, biogeographical extrapolations for Samooidea are tenuous (discussed below).
The internal relationships of Samooidea suggest that the morphology of Samoidae may have evolved convergently. As the African samoid is a juvenile (the same specimen previously sequenced by Giribet et al. 2010 ; now sequenced for additional 28S rRNA and other genes), we cannot rule out the possibility of a monophyletic Samoidae that includes African species (the specimen in question could be a juvenile biantid). In any case, the paraphyly of Stygnommatidae and putative polyphyly of Samoidae strongly advocate systematic revision of samooid families as currently defined, corroborating hypotheses of nonmonophyly based on morphology (Pérez González 2007; Pérez González and Kury 2007) . Our sampling of these families is insufficient to advocate specific taxonomic action, but an ongoing study of samooidean systematics will shed more light on the validity of constituent families (A. Pérez González, work in progress).
Biogeography of Zalmoxoidea and Samooidea
While most superfamilies of Grassatores are restricted to a specific part of the tropics (e.g. Neotropics, South-east Asia), two are distributed in multiple biogeographical provinces. Samooidea occurs in the Neotropics and Afrotropics, with questionable records from South-east Asia. Zalmoxoidea is concentrated in the Neotropics, with the exception of one Indo-Pacific lineage of Zalmoxidae (represented here by Zalmoxis sp.). The ages and distributions of Samooidea and Zalmoxoidea suggest that their biogeography was influenced by the fragmentation of West Tropical Gondwana -causing the former to diverge basally throughout West Tropical Gondwanan terranes, and the latter to become isolated to the Neotropics (with possible subsequent dispersal). 
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Invertebrate Systematics P. P. Sharma and G. Giribet To test this hypothesis, we conducted likelihood analysis of range evolution using the program Lagrange (Ree et al. 2005; Ree and Smith 2008) for the clade (Zalmoxoidea + Samooidea). The stratified analysis resulted in a global maximum likelihood of -lnL = 15.56, outperforming an unconstrained analysis that did not include any dispersal constraints (-lnL = 16.76) . Likelihood analysis of range optimisation (Fig. 20) indicates that the ancestral range of Samooidea includes both the Afrotropics and the Neotropics (relative probability p r = 1.000), but a subsequent split occurs between an African lineage (p r = 1.000) and a Neotropical/IndoPacific lineage with a Neotropical ancestral range (p r = 0.986). Samoidea of the Indo-Pacific occur on young oceanic islands (e.g. Fiji, Samoa), indicating recent transoceanic dispersal from the Neotropics.
Ancestral range reconstructions for Samooidea are all consistent with estimated divergence times for these clades (diversification of Samooidea predates the rifting of West Africa from northern South America), favouring an underlying vicariant process for the basal topology, with subsequent recent dispersal events. However, these results are contingent upon the present sampling, which does not include all samooid lineages (e.g. stenostygnine Biantidae), but basal range reconstructions are likely unaffected (e.g. Stenostygninae is exclusively Neotropical).
In contrast, the ancestor of Zalmoxoidea is reconstructed as singularly Neotropical (p r = 0.996). This is consistent with isolation of a zalmoxoid ancestor to Amazonia, which then radiated~191 Mya. Subsequent ancestral ranges are also reconstructed as Neotropical with high relative probability. However, the ancestral range of the clade (Icaleptidae + Fissiphalliidae + Zalmoxidae) is ambiguously reconstructed as either Neotropical (p r = 0.935) or Neotropical + Indo-Pacific (p r = 0.064), as is the split between Fissiphalliidae and Zalmoxidae (Neotropical: p r = 0.856; Neotropical + IndoPacific: p r = 0.141).
These results suggest that the Indo-Pacific lineage of Zalmoxidae, which split from Neotropical Zalmoxidae~83 Mya, is likely the result of long-distance dispersal from the Neotropics. However, due to the persistence of transantarctic connections between the Australian plate and temperate South America until the Tertiary, a competing vicariant scenario cannot be ruled out without densely sampling zalmoxid diversity. The biogeography of Zalmoxidae is presently being explored in greater detail in a separate study (P. P. Sharma, unpubl. data) .
Finally, the ancestral range of (Samooidea + Zalmoxoidea) includes both Africa and the Neotropics (p r = 0.957), consistent with a tropical West Gondwanan ancestor. This result lends circumstantial evidence to a sister relationship of the Afrotropical families (Assamiidae + Pyramidopidae) and the clade (Samooidea + Zalmoxoidea), recovered in all analyses.
The diversification of Grassatores
While numerous interfamilial relationships are supported in this study, particularly among gonyleptoid and zalmoxoid families, some relationships between superfamilies of Grassatores are not supported and are contingent upon analytical treatments, namely, the deployment of substitution models and data partitioning (Fig. 21) . The cause of this instability could be related to insufficient data, particularly in the EF-1a partition (the length of an intron, which can exceed 400 bp in some taxa, makes this gene particularly difficult to amplify). However, examination of clade divergence times suggests that rapid diversification of Grassatores lineages could in part augment phylogenetic uncertainty in basal parts of the topology.
The split between Phalangodidae and the remaining Grassatores is estimated to have occurred~302 Mya, but a series of divergences resulted in the origin of all superfamilial lineages between 232 and 271 Mya. Relative to the estimated age of Laniatores (348 Mya), this 39-million-year period is remarkably narrow and inherently problematic, as the amount of phylogenetic signal for a given stem subtending a node is directly proportional to the amount of time that the stem in question spans (Lanyon 1988; Rokas and Carroll 2006) . The small internal edge lengths of the stems corresponding to basal divergences of non-phalangodid Grassatores (Figs 15, 16) , combined with the ancient age of lineages derived from these divergences, result in relationships that are difficult to estimate without a large amount of sequence data and/or the inclusion of data that are less afflicted by homoplasy (because longer edge lengths imply more indel and substitution events on edges) (Whitfield and Lockhart 2007) .
We additionally observe that the origins of most Grassatores superfamilies occur in the wake of the end-Permian mass extinction (~254 Mya). Rapid radiation in the wake of a mass extinction has occurred in multiple metazoan lineages, the putative result of relaxed selection and opening of previously occupied ecological niche space (Labandeira and Sepkoski 1993; Sahney and Benton 2008) . The rapid diversification of early Grassatores lineages could be an example of this phenomenon, but this hypothesis is difficult to test in the absence of Mesozoic Grassatores fossils (reviewed by Dunlop 2007) .
Finally, we observe that contrary to traditional hierarchies proposed for Laniatores, many of the clades recovered in our analyses correspond to geographical regions, particularly in the case of Grassatores. For example, the southern hemisphere triaenonychids are restricted to temperate Gondwanan landmasses. Gonyleptoidea and their sister group, Stygnopsidae, form a Neotropical (Amazonian/Mesoamerican/Antillean) clade that excludes Assamiidae, which has been hypothesised to be a member of a broader Gonyleptoidea (Kury and Cokendolpher 2000; Mendes and Kury 2007) . In our analyses, Assamiidae is in fact a member of a largely Afrotropical clade together with the Pyramidopidae. South-east Asian families usually form one clade (at most, two), albeit with limited support. Samooidea families are divided into two clusters, African and Neotropical. With one exception (described above), Zalmoxoidea is restricted to the Neotropics. The ages that we estimate for Laniatores radiations are consistent with ancient diversification before the fragmentation of Pangaea. An ancient diversification, in conjunction with the climatic stability of the tropics, may in part explain the comparatively greater diversity of the armoured harvestmen with respect to the other Opiliones suborders. 
